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IIntroduction
Thefonnationofmedium-sizedcarbocyclesinorganicnaturalproductshasbeen
alongstandingproblemfornaturalproductchemists.Ringstrainandconfonnational
rigidityofeight-,nine-,ten-,andeleven-memberedringsystemsmakethetaskof
streamlininganefficientsynthesisdifficult.Coupledwiththecomplexitiesa sociated
withthefonnationofcontiguousstereocenters,thetaskofsynthesizingaturalproducts
ofthisgeneralmotifhasproventobeextremelychallenging.
In recentyears,advanceshavebeenmadetowardtheconstructionofeleven-
memberedringsystemsl,2.However,littleprogresshasbeenmadetowardsmethodsfor
thedirectpreparationfeight-ornine-memberedsystems.Consequently,ourproposal
hasbeendirectedtowardthesynthesisofmembersofthexenicanefamilyofnatural
products,whicharediterpenelactonescharacterizedbyafused
cyclononeneringsystem.Specifically,4-
hydroxydictyolactone(1)will beatargetof interestasitmost
closelyrepresentsanarchetypalexampleoftheXenicane
family.Diterpene1hasdemonstratedsignificantcytotoxicity
andpotentialeffectivenessinthetreatmentofhumanleukemiacelllines,inadditionto
antibacterialandantifungalctivities3,thusmakingitanattractivetargetfroma
biologicallphannacologicalstandpoint.Biologicalactivityhasbeenhypothesizedto
resultfromareliefofringstrainviaatransannulareventattheC6-C7olefin4,whichmay
eventuallybeappliedtothefonnationofafunctionalized(E)-cyclononenesystem.
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Retrosynthesis
Challengesexistinthetotalsynthesisof1whichwill addresstheformationofthe
Cz,C3andClocontiguoustereotriad(xenicanenumbering).This stereotriadis
problematicinthesensethathefunctionalityateachchiralsiteischemicallysimilarto
itsneighboringsubstituents.Therefore,compound6hasbeendeemedakey
intermediate,asitcontainsthecomplexstereotriadbackboneof1.
Scheme15outlinestheretrosynthesisof1tothealdehyde,6. It hasbeen
proposedthathesynthesisof1willproceedthroughlactone2,whichcanreadilybe
convertedto1viaaSaegusaoxidation6,followedbysilyldeprotectionfthealcohol
functionalityatC4.Thebutyrolactonemoietyof2maybegeneratedviaapalladium-
catalyzedlactonization7of3, followedbyreductiveliminationi thepresenceofa
hydridedonor,suchassodiumformate.Acylchloride3 isdirectlyavailablefromthe
nonconjugateddiene4. Thistransformationmaybeaccomplishedviaaring-closing
metathesis(RCM)8toconstructthenine-memberedcarbocycleofthenaturalproduct,
followedbyTBSprotectionoftheC4alcohol,PMB deprotectionusingDDQ,and
conversiontotheacylchlorideviatreatmentwithphosgene.Triene4isavailablein
threestepsfromalkyne5. ThistransformationtakesplaceviaaninitialNegishi
carbozirconationf5,followedbytransmetallationviatreatmentwithMezZn,andfinally
apalladium-catalyzedcoupling9to2-propenylacetate.Lastly,aldehyde6maybe
convertedto5viaareagentcontrolledallylationwithanonracemicallenylboranelO.
Currently,effortsareunderwayin ourlaboratorytowardstheconstructionof
intermediate6. Thegoalofthiseffortistoconveyworkthathasbeendoneinthelast
threemonthstowardsthepreparationf6,andtoproposeplansforfuturework
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Completed Work
Workcompletedtowardsintermediate6isoutlinedinScheme2. Thesynthesis
of6beganfromthecommerciallyavailable(R)-(+)-citronellal(7),whichwassubjected
toperchloriteoxidationconditionsforconversionofthealdehydetothecorresponding
(R)-(+)-citronellica id8. Transformationtoimide10occurredviatreatmentwithEt3N
andpivaloylchloridetogiveamixedanhydride,whichwasthenimmediatelyintroduced
tothedeprotonatedphenylalanine-derivedoxazolidinone9. GenerationoftheZ(O)
enolateof10followedbyadditionofacroleinaffordedtheexpectedsynaldolproduct12,
via11,asthemajorproduct!!.Alcohol12wastreatedwiththionylchlorideinthe
presenceofpyridinetogiveallylchloride13,whichwasthensubjectedtoLiB14
reductiontoaffordalcohol14.
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Theconversionof imide10toalcohol12hasbeenthemainfocusofworkinthe
lastthreemonths,asyieldsof 10-15%preventedfurtherprogresstowards6. In initial
studiesofaldolreactionsutilizingboronenolatesandchiraloxazolidinones,Evansand
a a
o)lN~
~ 15
coworkersintroducedanaldolreactioninvolvinganimidederived
frompropanoicacid(15),whichwasthenutilizedforaldol
condensationswithvariousaldehydesII. In thepresentsynthesis,
however,thestereochemicalomplexityoftheimideandresultingenolateare
considerablyamplifiedwiththeintroductionofap-stereocenterandanextended
hydrocarbonchain(10).Whileliteratureprecedencefor
suchanaldolcondensationisminimal,theWilliams'
a ~ ~ I
o)lN~
y 10
Bnlaboratorieshavepreviouslyaddressedrelatedissuesl2and
havereportedanoptimizedprotocolforasimilarsystem.Therefore,thisreported
procedurewasadoptedasastartingpointfromwhichthecurrentstudywastobegin.
Initialtrialsundertheseconditionsaffordedlittleornoproductwhilenearly
quantitativeyieldsofstartingmaterialwererecovered.Therefore,ffortstowards
optimizationhaveresultedinacurrentprocedureprovidingimprovedyieldsof 10-15%,
albeitaffordingdiastereoselectivitesof3-4:1. Bothofthesefindingareinstarkcontrast
tothosereportedbyEvansandsuggestsfurtheroptimizationisrequired.However,it
shouldbenotedthatheimprovementi theyieldsuggestshepotentialforaviable
reactionand,therefore,aneedforfurthereffortstowardsoptimization.
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Future Work
Futureworktowardsthesynthesisof intermediate6willtakeonatwo-fold
naturewithoptimizationoftheEvans'aldolcondensationa dcompletionofthe
synthesisof intermediate6. Hereinbothaspectsofthesynthesisandthenecessarysteps
neededfortheircompletionwillbediscussed.
Theconversionof imide10toaldolproduct12hasseveralfactorslimitingits
facilecompletion.Asnoted,protocolsexistforsystemssimilartothoseinthecurrent
studylZ.However,uponcarefulinvestigation,itwasfoundthathisprocedurediffered
fromthoseinreportsbyEvansandcoworkers.Intheseminalpaper,nBuzBOTfand
diisopropylethylaminewereintroducedintoasolutioncontainingimide15inCHzChat
O°C.Thissolutionstirredfor0.5hoursandreportedlyallowedforcompletenolization.
However,intheWilliamspaper,anadaptedprotocolinvolvingtheadditionofnBuzBOTf
totheimideat-78°C,followedbystirringforI hour,additionofEt3Nat-78°C,stirring
for15minutes,warmingtoO°Candthenstirringforanadditional45minutesreportedly
wasnecessarytoallowforcompletenolization.Thisnecessarychangeinprocedure
maybeattributabletothefactthatasthealkylchainoftheimideincreasesin lengthand
stereocentersa eintroducedintothischain,stericongestionpreventsfacile
deprotonation,thereforeresultinginaslowerateofenolization.Consequently,future
studieswill involvequenches- viadeuteratedmethanol- oftheenolateatintervalsthat
will allowforinsightastooptimaltimesnecessaryforcoordinationofborontotheimide
andenolizationbyEt3N.Thesefindingswillhelpaddresstheissueofpooryieldsinthe
currentsystem.
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Poordiastereoselectivityhasalsobeenapointofconcerninthecurrentstudy
whencomparedtopreviousreports.ThecurrentstudymirrorsthatreportedbyEvansfor
theadditionofthealdehydetotheenolatell.Thisstepwasperformedat-78°Candis
stirredfor15minutesatwhichpointhesolutioniswarmedtoQOCandstirredforan
additional45minutes.It hasbeenobservedthatuponadditionofthealdehydeat-78°C,
aconversionofreactanttoproductis immediatelyvisibleviaTLC. However,asthe
reactioniswarmedtoO°C,anadditionalproductbecomesvisible.Thiscompoundhas
notbeenisolatedasitappearsveryclosetotheproductspotontheTLC plate.Thismay
beamajorfactorintheobservedpoordiastereoselctivity,astemperaturesabove-78°C
maycauseadecreaseinaldehydicfacialselectivity.Inordertoaddressthisissue,future
studieswill include ffortstoexaminethetemperaturerestraintsinthecurrentsystem.
Carryingoutthisreactionwithoutarampintemperaturemaybenecessaryinorderto
maintaindiastereoselctivity.Inaddition,futurestudieswill examinethetemperature
thresholdatwhichasecondproductformationoccurs.Thesestudieswill addressthe
issueofpoordiastereoselectivityin hecurrentsystem,and,consequently,furtherthe
effortstowardsoptimizationofthestep.
Oncetheconversionof imide10toalcohol12isoptimized,fewstepsremainin
theconstructionf intermediate6from14.ThesestepsareoutlinedinScheme35.
SimpleTIPS protection,followedbySN2displacementofthechloridebytributylstanyl
cupratemayaffordstannane15.Lewisacid-assistedlectrophlicattackoftheolefinin
15will give17,whichwill thencontainthedesiredstereotriadcoreof 6. This
diastereoselectivityis hypothesizedtoariseduetominimizationof AI,3strainin the
transitionstateI3,asillustratedin16.Lastly,deprotectionfthesilylethergroup,
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followedbyoxidationtothealdehydewill affordintermediate6,whichmaythenbe
introducedintotheaforementionedScheme1,towardscompletionof4-
hydroxydictylactone1.
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ExperimentalSection
GeneralExperimentalNotes
All reactionsinthecurrentstudywereperformedinflame-driedflasksandunderinert
argonatmosphere.Inaddition,allsolventsandliquidreagentswerefreshlydistilled
priortoexperiment.
NaCI02,
~ NaH2P04,
H CH3CN, tBuOH
7 aoc
0 -
HO~
8
(R)-3,7-Dimethyloct-6-enoic acid (8)
To a solutionof7 (4.10mL,22.6mmol),acetonitrile(280mL),andtert-butanol(280mL)
atO°C,wasadded2-methyl-2-butene(95mL).SolutionwasallowedtostiratO°Cwhile
inaseparateflask,NaH2P04(24.63g,I81.0mmol)wasdissolvedinH2O(200mL).To
thisaqueoussolution,NaCI02(18.4lg,203.6mmol)wasaddedveryslowly.Once
NaCI02wascompletelydissolved,theaqueoussolutionwasaddedropwisetothe
preparedorganicsolution.HeterogeneousmixturewasallowedtostiratO°Cfor45
minutesatwhichtimeTLC indicatedreactioncompletion.Solutionwasthendiluted
withether,washedwithsaturatedNa2S203(aq)(2x 300mL)andsaturatedNaCI(aq)(2x
300ml),driedoverMgS04,andconcentratedtoyieldacolorlessoil. Crudeproductwas
thenpurifiedviaflashchromatographyelutingwithhexanes/EtOAc(8:I) togiveacid8
asaclearoil. (3.52g,91%). lH NMR (400MHz,CDCh) ()5.09(t,J =6.2Hz, 1H),2.37
(dd,A of ABX, JAB= 15.0Hz, JAX =5.9Hz, 1H),2.15(dd,B of ABX, JAB= 15.0Hz,
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JBX =8.4Hz, 1H),2.03-1.94(m,3H),1.68(s,3H),1.60(s,3H),1.51-1.17(m,3H),0.98
(d,J= 6.6Hz, 3H).
1) Et3N,PivCI,
0 : THF, -l8DC
'it ~ I .
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HO 2) nBuLi,Jl
8 0 NH
Y
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°y 10
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(S)-4-Benzyl-3-((R)-3,7-dimethyloct-6-enoyl)oxazlidin-2-one(10)
To asolutionof8 (4.68mL,25.45rnrno1)inTHF (65rnL)wasaddedEt3N(4.26rnL,
30.55mmol)viasyringe.Solutionwasallowedtocoolto-78°Catwhichtimepivaloyl
chloride(3.46rnL,28.00rnrnol)wasaddedviasyringe,resultingintheprecipitationofa
yellowishsalt.Thissolutionwasallowedtostirat-78°Cfor30minutes.In aseparate
flask,9(4.64g,30.55mmol)wasdissolvedinTHF (65rnL)andcooledto-78°C.Tothis
solutionwasaddednBuLi(13.24mL,33.09mmol).Theresultingorangesolutionwas
allowedtostirat-78°Cfor10minutes,andthenwascannulatedintothesolution
containingthemixedanhydride.Thissolutionreturnedtoaclearcolorandwasthen
stirredfor2.5hoursataconstant-78°C.Uponreactioncompletion,solutionwaswashed
withH2O(3x 25rnL)andsaturatedNaCI(aq)(3x 25mL),driedoverMgS04,and
concentratedtoyieldayellowishoil. Crudeproductwasthenpurifiedviaflash
chromatographyusinghexanes/EtOAc(9:1)asaneluenttogivepurifiedimide10
(5.57g,67%)asanoil. IHNMR (400MHz,CDCb)87.35-7.21(m,5H),5.11(t,J= 6.2
Hz, 1H),4.68(ddt,J =10.3.7.0,3.3Hz, 1H),4.20-4.13(m,1H),3.32(dd,J =13.5,3.3
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Hz, IH), 2.88-2.72(m,2H),2.13-1.96(m,3H),1.68(s,3H),1.61(s,3H),1.48-1.41(m,
3H),1.31-1.19(m,IH), 1.01(d,J=6.2Hz,3H).
0 9 ~ I
jlN~
Y 10
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BU2BOTf, Et3N,
DCM,-78°C
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H
~H~Xc :. - //HO'" ~ 12
(S)-4-Benzyl-3-(2S,3R)-2-(S)-I-hydroxyallyl)-3,7-dimethyloct-6-enoyl)oxazolidin-2-
one(12)
Not Optimized
Oxazolidinone10(549mg,1.67mmol)wasdissolvedin ImL offreshlydistilledbenzene
andplacedonrotavapuntilsolventcompletelyevaporated.Thiswasrepeatedtwice
moreandwasthenplacedonhighvacuumfor1hourinordertoensurethatany
azeotropeof10hadbeenremoved.Underargon,10wasthendissolvedinDCM
(8.35mL)andsolutionwascooledto-78°e.Tothissolution,freshlydistilledBU2BOTF
(417.2~L,1.84mmol)wasaddedropwise,resultinginayellowsolutionthatwasthen
allowedtostirat-78°Cfor1hour.TothissolutionwasaddedfreshlydistilledEt3N
(302.5~L,2.17mmol),resultinginthesolutionreturningtoaclearcolor.Thissolution
wasallowedtocontinuestirringat-78°Cfor15minutesandwasthenwarmedto
O°C.Solutionwasstirredatthistemperaturefor45minutes.Solutionwasreturnedto-
78°Candacrolein(135.1~,2.00mmol)(U-tubedistillationoverNa2S04)wasthen
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added,stirredfor15minutes,andthenwarmedtoO°c.ReactionwasmonitoredviaTLC
untilstartingmaterialwasnolongerconvertingtoproduct(approximately1hour),at
whichtimeph7.0buffer(4mL)andmethanol(4mL)wereaddedinordertoquenchthe
reaction.After10minutesofstirring,a2:1mixtureofmethanol/H202(30%)wasadded
andstirredfor20minutes.ReactionwasthendilutedinEt20andwashedwithNaHC03
andNaCl(2x 10mLeach),driedoverMgS04andconcentratedtoyieldayellowishoil.
Crudeproductwaspurifiedviaflashchromatographyusingan8:1hexanes/EtOActo
givealcohol12(l00.6mg,15%)asayellowishoil. IHNMR (400MHz,CDCh)D7.35-
7.23(m,5H),6.01(ddd,J= 17.6,10.3,7.3Hz, IH), 5.32-5.21(m,2H),5.08(t,J= 7.0
Hz, 1H),4.73(ddt,J= 10.6,7.3,3.7Hz, IH), 4.54(dt,J= 6.6,2.9Hz, IH), 4.27(t,J=
7.3Hz, 1H),4.17-4.10(m,2H),3.41(dd,J= 13.2,3.7Hz, IH), 2.62(dd,J= 13.2,10.2
Hz, IH), 2.15-1.90(m,3H),1.70(s,3H),1.63(s,3H),1.30-1.19(m,3H),1.03(d,J =6.6
Hz,3H).
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(S)-4-Benzyl-3-((2S,3R)-2-((E)-3-chloroprop-l-enyl)-3,7-dimethyloct-6-
enoyl)oxazolidin-2-one(13)
In aclean,driedflask,12(40mg,0.104mmol)wasdissolvedin0.52mLEt20andcooled
to-78°C.Tothestirringsolutionwasaddedfreshlydistilledpyridine(26!!L,
0.260mmol).Afterstirringfor10minutes,freshlydistilledthionylchloride(V-tube
distillationwithoutdryingagent)(19!!L,0.26mmol)wasaddedtothesolution,which
resultedintheprecipitationfawhitesolid.Reactionwasstirredfor I hourat-78°C,
warmedtoO°C,andthenstirredfor4hours.Reactionwasquenchedwithsaturated
NaHC03(aq),aqueousandorganiclayerswereseparated,andaqueouslayerswere
extractedwithEt2O.Organiclayerswerecombined,riedoverMgS04,filtered,and
concentratedtoyieldayellowishoil. Crudeproductwaspurifiedviaflash
chromatography,elutingwithhexanes/EtOAc(9:I - 4:I) ,providingchloride13(32mg,
76%)asanoil. IHNMR (400MHz,CDCh)(57.39-7.05(m,5H),5.91-5.78(m,2H),
5.11-5.07(m,IH), 4.69(ddt,J= 10.2,6.8,3.2Hz, IH), 4.42(dd,J= 8.4,7.9IH), 4.21-
4.07(m,2H),4.06(d,J= 5.9Hz,2H),3.39(dd,J =13.3,3.3Hz, IH), 2.69(dd,J= 13.1,
10.2Hz, IH), 2.16-1.82(m,3H),1.70(s,3H),1.60(s,3H),1.59-1.49(m,IH), 1.20-1.09
(m,IH), 1.01(d,J= 6.6Hz,3H).
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(2S,3R,E)-2-(3-Chloroprop-l-enyl)-3,7-dimethyloct-6-en-l-01(14)
Chloride13(49.2mg,0.124mmol)wasdissolvedinEt20(0.60mL)andsolutionwas
cooledtoO°C.Tothissolutionwasaddedmethanol(10IlL,0.248mmol),followedby
LiBH4(5.4mg,0.248mmol).Reactionwasallowedtostiruntilcompletion(3hours)at
whichpointsaturatedNaHC03wasaddedasaquench.Solutioncontinuedtostirfor45
minutes,afterwhichlayerswereextractedwithE120.Organiclayerswerethen
combined,riedoverMgS04,filteredandconcentratedtoyieldacolorlessliquid.Crude
productwaspurifiedviaflashchromatography,elutingwithhexanes/EtOAc(9:1- 4:1),
providing14(26mg,93%)asanoil. lHNMR (400MHz,CDCh)05.68(dt,J =15.2,6.6
Hz, 1H),5.59(dd,J =15.4,8.9Hz, 1H),5.05-4.98(m,1H),4.00(d,J =6.4Hz,2H),
3.67-3.60(m,1H),3.42(dd,J =10.4,8.7Hz, 1H),2.09(ddt,J =8.8,6.1,5.1Hz, 1H),
2.05-1.75(m,2H),1.68(s,3H),1.55(s,3H),1.53-1.45(m,1H),1.38(dddd,J =13.3,
10.0,6.6,3.5Hz, 1H),1.02(ddt,J= 14.7,9.4,5.1Hz, 1H),0.85(d,J= 6.8Hz,3H).
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